Sincethe Sept. 11,2001, attackon theWorld Trade Center (WTC), the healthstatusofsurvivors, rescue and cleanup workers,and residents ofLowerManhattanhasbeen monitored. Exposure to dust and particulate matter resulted in numerouscomplaintsofbothupperandloweraerodigestive tract irritation. The symptoms, diagnoses, and management ofaffected persons havepreviously been described in theliterature. However, evidence establish ingcausation is scarce, especially with regard to the purportedlong-term effects ofsuch exposure. Many persons who were exposed to the Ground Zero site have otolaryngologic conditions that are common in persons who were not so exposed. Therefore, otolaryngologists involved in the care of such patients should be cautious about assigning a diagnosis ofccWTC syndrome"without a comprehensive examination to look for otherpossible etiologies. A diagnosis of a treatable, potentially serious health problem should not be missed simply because a patient who was exposed to WTC irritants was presumed to have WTC syndrome. In this review, we discuss the reported otolaryngologic manifestations of exposure to the WTC site, and we describe the specific cases of2 workers there who continue to haveotolaryngologic complaints. Considerableresearch is needed to establish the existenceand nature of any longterm sequelaeof exposure to WTC fallout.
Introduction
The destruction of the Twin Towers of the World Trade Center (WTC) and the subsequent cleanup effort resulted in the release of a complex mixture of air-borne pollutants . The release of these pollutants, combined with the failure of many of those exposed to wear a respirator mask, has been implicated in numerous complaints of upper and lower respiratory system irritation by survivors, rescue and cleanup workers, and residents of the surrounding areas. Their respiratory concerns fall into two broad categor ies: (1) short-term and lingering inflammatory effects and (2) the possi bility oflong-term carcinogenic effects.
More tha n 30,000 me n and wo men experienced respiratory and/o r upp er aero digestive inflamma tion in the wake of th e attack on the WTC. 1 Therefo re, it is important that oto laryngologists who might become involved in th eir care be familiar with the potential otorhinolaryngologic manifestations and recognize that there is a paucity of high-quality evidence-based data establishing whether a causal relationship existsbetween exposure and symptoms (CCWTC syndrome") in all cases. Because so ma ny factors were involved in the incident and its aftermath, otolaryngologists must be cautious about establishing causation. A diagnosis must be based on more than a posthoc, ergo propterhocapproach. It is important to seek valid data on wh ich to base judgments abo ut possible short-and long-term effects.
In this review, we discuss the causes and manifestations of otolaryngolog ic symp toms in persons exposed to the WTC site, and we descri be the specific cases of 2 wor kers th ere who continue to have otolaryngo logic complain ts.
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Composition of the air-borne pollutants
Several factors combined to create the mix ofair-borne pollutants that appears to have affected survivors and the men and women involved in therescue and cleanup efforts at and near Ground Zero. One factor was the fires and fumes associated with the explosion of the two airplanes. The fires in the Twin Towers continued to smolder for approximately 3 months after the attack. Another factor was the collapse of the buildings, which spread large amounts of intermediate (2.5 to 10 urn) and large (> 10 urn) respirable particulates through the air.':" A third factor was the air pollution generated by the gasoline-and diesel-fuel-powered equipment used in the cleanup effort. Finally, the excavation of buried rubble and debris during the cleanup resulted in the release of small «2.5 urn) particulate matter into the air." ?
Qualitative and quantitative analyses of the particulate matter released into the air on Sept . 11 were not performed until several days after the attack. Samples obtained after the initial period revealed that substances such as asbestos, volatile organic and inorganic material, polycyclic aromatic hydrocarbons, dioxins, and lead were released into the air.!" More than 90% ofthe released particulate matter was larger than 10 flm in diameter." The particle pollutants were also largely caustic in nature; those larger than 2.5 urn had an alkaline pH of greater than 10. 6 Although particles larger than 2.0 flm are believed to typically settle in the upper airway and not pass into the lower airway, Banauch el al found that more than 20% of firefighters at the site demonstrated inhalation of larger particles on sputum analysis." It has been speculated that the passage of the larger particles into the lower airways might have been facilitated by an impairment of nasal filtering mechanisms following exposure to alkaline particulate matter. 1,3 Materials such as calcium sulfate (gypsum), calcium carbonate (calcite), crystalline silica, and fibrous glass-which were released during the removal of the rubble and debris-are known to inhibit nasociliary action and cause nasal irritation. 1, 3, 7 Although respirator masks were readily available, they were not always used; for example, only 50% of firefighters reported using them, even in extremely dusty conditions." Whether the use of respiratory masks would have had any effect on respiratory outcomes in rescue workers is unknown.but particulate inhalation has been associated with respiratory dysfunction in as many as 80% of rescue workers who experienced moderate dust exposure. 1
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Symptom constellation
Exposure to Ground Zero was associated with a multitude ofaero digestive and respiratory symptoms. (Among the nonaerodigestive and respiratory symptoms were eye irritation or injury, limb sprain or strain, abrasions, cuts, puncture wounds, burns, fractures, and head injuries.?") Most reported symptoms were related to inflammation of the mucosa of the aero digestive tract. P:" Approximately 90% of firefighters on site during the first 48 hours after the attack reported an acute cough accompanied by nasal congestion, chest tightness, or chest burning.' Approximately half of all cleanup workers studied by Landrigan et al experienced at least one new symptom after they had begun working at the WTC site. 1 1
The incidence and severity of symptoms appeared to correlate with the timing of the exposure. Firefighters who had arrived at Ground Zero within 48 hours of the collapse of the second building reported more, and more severe, upper and lower respiratory symptoms than did responders who had arrived 3 to 7 days later."
Initially, respiratory complaints and illnesses were identified only in workers at or near the WTC site, but over the ensuing months, similar symptoms were being reported by office reoccupants and community residents (table) ." For example, some 56.6% of survivors who had been in the collapsed or damaged buildings in the area reported at least one new or worsening symptom after Sept. 11, 7 It is important to keep in mind that most of these data were based on self-reports rather than on comprehensive medical evaluations and reviews of respondents' health histories. This is another reason to exercise caution in attributing otolaryngologic symptoms to WTC syndrome.
Aerodigestive inflammatory syndromes
The exposure-related aero digestive inflammatory conditions described by survivors, rescue and cleanup workers, and residents can be classified into two broad categories; some of these conditions were known prior to Sept. 11, while others were proposed subsequent to the WTC attack.
Reactive airways dysfunction syndrome (RADS) and reactive upper airways dysfunction syndrome (RUDS) have long been associated with exposure to environmental irritants. "WTC cough" and gastroesophageal reflux disease (GERD) have not been previously associated with high irritant exposure. The spectrum of WTC-associated GERD should probably be expanded to include laryngopharyngeal reflux (LPR). GERD13 and Reactive airways dysfun ction syndrome. Patients with RADS experience persistent symptoms of airway inflammation (cough, wheeze, and dyspnea) and nonspecific bronchial hyperreactivity following exposure to an irritant. The syndrome usually manifests within 24 hours of a brief but intense exposure to dust, fumes, or vapo rs in patients with no history of respiratory disease. The typical duration of RADS is approximately 3 months.v" altho ugh it has reportedly lasted more than 6 mo nt hs in extensively expose d WTC firefighters. 6 The diagnosis is based on abnormal find ings on pul mon ary functio n testing (i.e., m eth acholine challenge) . Altho ugh RADShas been report ed to resolvewith th e institutio n of an ti-i nflammatory agen ts (i.e., nasal and orally inh aled corticosteroids), proton-pump inhib itors, and the removal of th e inciting irritant," many of those involved in the aftermath of the WTC attack have claime d that their symptoms persis ted despite this therapy."
Reactive upp er airways dysfunction synd rome. The designation RUDS is used in cases of inflammation triggered by a high level of irritant expo sure above the level of the trachea. Patients report chronic rhinitis and sinus complaints, and findings on physical examination suggest sinonasal mucositis and edema. Patients with throat irritation are also classified as having RUDS. Compared with patients who had other sources of occupational exposure, pat ients exposed to Gro und Zero have described a slower recovery after the cessation of exposure; on average, th eir symptoms lasted as lon g as 8 months after th ey had left th e WTC site. (table) ." In each case, the onset of cough had occurred within 24 hours ofWTC exposu re.The associated respiratorysymptoms were severe eno ugh for physicians to place many ofthese firefighters on medical leave for at least 4 consecutive weeks. Since then, WTC cough has been described in 8% offirefighters who had a high level ofdu st expos ure , in 3% of those wit h a m oderate level of expo sure, and in 1% of those with a low level of exposure.1,6 Mos t of these firefighte rs described a black-or gray-speckled productive cough th at beca me no nproductive after about 3 weeks. In the report by Prezant et al, 51% of firefight ers who had undergone computed tom ography (CT) of the chest exhibited evidence of air trapping, and 30% showe d evidence of bronchial-wall th ickening.'? Unfortunately, no complete data are available on how many of these patients were smokers an d how ma ny had been previously exposed to irritants. Mo reover, very few chest CTs had been obtained prior to Sept. 11 in this group, so preand postexposure comparisons are generall y not possible.
Other symptom s reported by the firefighters with WTC coug h included dyspnea, heartburn, chest discomfort, sore throat, wheezing, nasal congestion, and postnasal dr ip (tab le). Nearly 87% of firefighters with WTC cough experienced symptoms of GERD, but again, reliable data on the incidence of GERD in this population prior to Sept. 11 are not available. Prezant et al opi ned th at 87% was an unexpectedly high percentage, as typically fewer th an 25% of patients with chronic cough describe GERD symptoms. 10 Esophageal reflux is a complex entity that requires an expert and sophisticated evaluation in order to establish an accurate diagnosis, so any association between GERD and WTC cough is open to question.
Gastroesophageal reflux disease. Although GERD has not previously been associated with extensive irritant exposure, it has been associated with periods of increased stress, which certainly includes the aftermath of the Sept. 11 attack. GERD is often associated with airway hyperreactivity and chronic cough, but it has not been proven to be a cause of these conditions. GERD may cause cough through mechanical factors such as microaspiration, vagally mediated cough reflexes, or neurally mediated bronchial inflammation." It is reasonable to consider GERD as a manifestation of dust exposure when such a high percentage of rescue and cleanup workers with WTC cough reported symptoms that might have been related to GERD.IO However, it seems equally possible that this group of patients had preexisting GERD that might have predisposed them to react to WTC exposures differently from those without GERD. It is also possible that the symptoms they described were caused by something other than GERD, especially since the diagnosis generally was not confirmed by pH monitoring or other objective studies.
Laryngopharyngeal reflux. It is also reasonable to consider LPR as a consequence ofWTC exposure. The constellation of symptoms experienced by patients with LPR includes chronic cough, throat irritation, and increased phlegm production. Several studies have indicated that among persons exposed to Ground Zero, respiratory symptoms such as cough were much more common than pulmonary dysfunction as determined by spirometry.":" For example, Salzman et al found that 77.5% of police officers reported new respiratory symptoms after the WTC attack; however, only 28.8% of them showed any evidence of pulmonary obstruction on spriornetry," These authors also found a correlation between abnormal spirometry results and lower airway symptoms such as dyspnea, but not between abnormal spirometry results and upperairway symptoms such as cough. They concluded that the cough might have been a manifestation of upper airway irritation or esophageal disorders following the inhalation or swallowing of particulate matter. Nevertheless, the actual presence of LPR or GERD in these police officers remains speculative, as does the possible causal relationship between these entities and particle inhalation.
De la Hoz et al described LPR in conjunction with the Volume 88, Number 8 diagnosis of vocal fold dysfunction in 10WTC workers. 14 The diagnosis wasbased on a laryngoscopic examination that demonstrated a partial anterior adduction of the vocal folds on inspiration and a posterior diamondshaped glottic gap. All patients exhibited findings on laryngoscopy that were consistent with LPR.Some 80% of these patients had spirometric findings suggestive of extrathoracic upper airway obstruction. Therefore, an association was made between irritant-induced LPRI GERD and vocal fold dysfunction; however the exact causal relationship, again, remains speculative. Finally, the exact time of the onset of documented pulmonary or gastroenterologic abnormalities before or after Sept. 11 is unknown in many individuals. Within a few days of beginning work at the site, he reported a new onset of throat irritation, nasal congestion, rhinorrhea, and coughing that increased in frequency over time. When he developed dyspnea on minimal exertion, he sought medical evaluation at a center specializing in WTC exposure. He was diagnosed with chronic cough (WTC cough), GERD, and sleep apnea. A chest x-ray detected pulmonary nodules, and pulmonary function testing revealed a pattern consistent with mild obstructive lung disease. He was also seen by an otolaryngologist, who diagnosed him with LPR and started him on a proton-pump inhibitor twice daily; the otolaryngologist also prescribed a beta-agonist inhaler for the lung disease. Despite the comprehensive workup and medical therapy, the patient continued to experience dyspnea on exertion. He also developed symptoms related to rhinosinusitis.
Six years after his exposure to Ground Zero, the patient was evaluated in our office. Nasal endoscopy detected boggy turbinates bilaterally and masses on the anterior portion of the left inferior turbinate and along the posterior septum near the choanae ( figure I, A ance monitoring study was performed to evaluate the efficacyof the medical therapy for GERD and LPR.The study revealed continued acid production despite the proton-pump inhibitor therapy; most of the acid reflux reached the proximal esophageal sensor. Patient 2. A 44-year-old man, a registered nurse, had volunteered to help at the WTC site 3 nights after the 1072 • www.entjournal.com terrorist attack. Although he had worn a canister-type respirator, he noted that his throat and eyes began to burn within minutes of arriving at Ground Zero. Over the next 8 months, he returned on five occasions to work a 24-hour shift in a clinic located approximately one-half block from Ground Zero. This area had been declared a safety zone in which the use of a respirator was not required.
During the 1 to 2 years prior to his WTC exposure, the nurse had occasionally experienced sinus congestion and heartburn. These symptoms were relieved with saline irrigation, diet management, and weight loss, and they posed no restriction on his daily activity. Following exposure to Ground Zero, his sinonasal and GERD symptoms intensified. He also developed hoarseness, a nonproductive cough, and significant throat-clearing.
The patient was evaluated in our office with strobovideolaryngoscopyand diagnosed with a posterior vocal process granuloma, a lesion that is causally associated with LPR (figure 2). He was placed on a twice-daily proton-pump inhibitor and a 2-week course of a highdose oral steroid. When he returned for follow-up 3 weeks later, the granuloma had not resolved.
The patient then underwent surgical resection followed by three treatments with a pulsed-dye laser, and this ultimately resulted in a complete resolution of the granuloma. Pathologic examination revealed that the tissue was consistent with a pyogenic granuloma. No foreign particulate matter was seen in the specimen, and there was a lack of giant-cell reaction and non polarizable elements.
One year later, the patient returned with recurrent hoarseness and coughing while continuing to take a high dose of his proton-pump inhibitor. Repeat strobovideolaryngoscopy identified a new granuloma on the contralateral vocal process. A high-dose steroid was again started, and the granuloma resolved with medical therapy alone. It has not recurred.
Discussion
These 2 patients were like many who presented with WTC exposure-related upper aerodigestive complaints. Previously asymptomatic or minimally symptomatic survivors, firefighters, policemen, cleanup workers, and residents of Lower Manhattan have reported a constellation of upper aerodigestive tract symptoms-throat irritation, rhinorrhea, sinus pain and pressure, chronic cough, and dyspnea-that has been categorized asWTC syndrome. However, there is no conclusive evidence th at the long-term complaints of our 2 patients were causally related to WTC exposure. We do not doubt th at they experienced mucos al irritation at the site secondary to the inhalation of irritants. However, in our practice we treat large numbers of patients with symptoms consistent with WTC syndrome who were never exposed to the WTC environment or to any oth er recognized significant toxic inh alant.
Wh ile it is possible th at long-term health pr oblems related to WTC expo sure m ay exist, it is essential to avoid th e temptation to ascribe th esesymptoms to WTC syndrome simply because patients were present at the site. These patients need a comprehensive evaluation to determine whether any new-onset or exacerbated symptoms are trulyrelated to particulate matter exposure at Ground Zero. Large, multicenter, multidisciplinary, expert studies should be designed to help clarify th e long-term consequences ofWTC site exposur e, if any, and to systematically identify other medic al conditions th at may be respon sible for these patients' complaint s. Some of these conditions are potentially serious, and many of them are responsive to treatment. Patients who were exposed to Ground Zero conditions on Sept. 11 and thereafter deserve better than an unsubstantiated diagnosis ofWTC syndrome.
